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INTRODUCTION
R e p o r te d  h e r e  a r e  o b s e r v a t i o n 3 on th e  n e s t i n g  
o f  th e  3*o a r - t o e d  3a lam an u er  * Hemidac ty  XI am s c a t a t  urn { S c h ­
l e g e l  )* I n  V i r g i n i a *  T h is  s p e o l e a  i s  f r e q u e n t l y  r e g a r d e d  
a s  r a r e  i n  a r e a s  where i t s  n e s t i n g  or  h i b e r n a t i o n  a r e  n o t  
known* P r i o r  to  t h i s  r e p o r t  i t  w as so  c o n s i d e r e d  i n  V ir ­
g i n i a *  and l e s s  th a n  a  s c o r e  o f  a d u l t  s p e c im e n s  from  t h i s  
s t a t e  w ere  fo u n d  i n  t h e  c o l l e c t i o n s  o f  t h e  m a jo r  museums* 
D uring  t h i s  i n v e s t i g a t i o n  59 p er  G ent o f  th e  n e s t s  fou n d  
i n  th e  f i e l d  w ere  c o l l e c t e d  w i t h  t h e i r  a t t e n d i n g  f e m a l e s  
and s t u d i e d |  t h i s  in c lu d e d  144 n e s t s  c o n t a i n i n g  o v e r  16*000  
e g g s*  250 a d u l t s *  4 j u v e n i l e s *  and 82  l a r v a e  t h a t  em erged  
from  e g g s  a t  o r  s h o r t l y  a f t e r  t h e  t im e  o f  c o l l e c t i o n *  The 
p r e s e n t  r e p o r t  i s  b a s e d  upon t h e  e x a m in a t io n  o f  224 n e s t s  
i n  21 l o c a l i t i e s *  i n  13 o f  t h e  100 c o u n t i e s  o f  V i r g i n i a *
The ab u nd ance  o f  s u i t a b l e  n e s t i n g  a r e a s  f o r  H em ld a o iy -  
l laea  on t h e  V i r g i n i a  c o a s t a l  p l a i n *  and t h e  num bers o f  
s p e c im e n s  fo u n d  i n  th e  fe w  h a b i t a t s  e x p l o r e d ,  s u g g e s t s  
t h a t  t h i s  s p e c i e s  i s  common i n  e a s t e r n  V i r g i n i a *  I n  r e ­
l a t i v e  abundance i t  a p p e a r s  t o  rank  f i f t h  i n  t h i s  r e g io n *  
e x c e e d e d  i n  num bers by ISurycea b i a l i n e a t a  b i a l i n e a t a  (G reen )  
B esm o g n a th u s  f u s e  us  f u s e  us  (R af *) * B i e w c t y l a s  v i r l d e  s c e n s  
v l r i d e s c e n a  { l a f i n e a q u e )* and R le th o d o n  c i n e r e a s
5c i n e r e u s  (G reen) and t h e  i  r r e l a t e d  9 utocuec i  e 3 ♦
-Sggs o f  H ea id a .c ty  Hum ecu ta tu m  ( 3 e h l e g e l )  w are  
f i r s t  n o te d  by Hughes ( 1 8 8 6 )  i n  I n d ia n a ,  and s u b s e q u e n t ly  
" r e d is c o v e r e d *  by B is h o p  ( 1 9 2 0 ;  i n  Hew York* They h a v e  
b e e n  r e p o r t e d  i n  M ic h ig a n  by B la n c h a r d  { 1 9 2 2 ,  1 9 2 3 ,  1 9 2 8 ,  
1 9 3 4 a ,  1 9 3 4 b ,  1 9 3 6 ) ,  i n  M a s s a c h u s e t t s  by Bunn ( 1 9 2 6 ) ,  i n  
P e n n s y l v a n ia  by P a l l i n g  ( 1 9 3 9 ) ,  i n  K en tu ck y  by G reen  ( 1 9 4 1 ) ,  
and i n  T e n n e s s e e  by K in g  ( 1 9 4 4 ) .  I n v e s t i g a t i o n s  o f  n e s t i n g  
c o n d i t i o n s  h a v e  b e e n  r e p o r t e d  i n  some d e t a i l  i n  M ic h ig a n  
( B la n c h a r d ,  i b i d * )  and Mew Y ork ( B i s h o p ,  i b i d # ,  1 9 4 1 5 G i l ­
b e r t ,  1 9 4 1 )#  t h e  n e s t i n g  o f  Hamidac ty  I ium i n  V i r g i n i a  i s  
compared w i t h  r e p o r t s  from  t h e s e  s t a t e s *
A ckn ow led gem ent i s  made to  a l l  p e r s o n s  who a id e d  
i n  t h i s  s tu d y #  A s s i s t a n c e  i n  f i e l d  work was p r o v id e d  by  
-V* T# A l l e n ,  u* T. D u V al, 3* 3# F o r r e s t ,  I#  L* F u l l e r ,  J r *, 
o*  K* G oodw in , *f* B* M acA rthur, Gr*f and 0 .  B* Honemous, Jr*  
l»r* B* Ef. P a t t e r s o n  made t h e  ta x o n o m ic  d i a g n o s e s  o f  m o s s e s  
and h e p a t i c s  I n v o lv e d  i n  n e s t s *  H em td a e ty l im a  scutaturn  i n  
th e  u n i t e d  S t a t e s  N a t i o n a l  Museum c o l l e c t i o n  w ere  made a v a i l ­
a b l e  by l>r* B* H* C ochran , and i n  t h e  .American Museum o f  
N a t u r a l  H i s t o r y  c o l l e c t i o n  by  G# II* B o g e r t .  I>r* S* 0 • B is h o p  
e n c o u r a g e d  t h i s  s t u d y  and d o n a te d  h i s  l a s t  copy  o f  h i s  e x ­
c e l l e n t  o u t - o f - p r i n t  p u b l i c a t i o n  (1 9 2 0 )  on t h i s  s p e c i e s *  
V a lu a b le  c r i t i c i s m  o f  th e  m a n u s c r ip t  was p r o v id e d  by I t .  R*
M* A sh, B r • 0 . F* G e h u e t t e ,  Br* &• H* Bohns and G i l l i a m
6Vogt* S p ecia l thanks are expressed to Br* J* T# Baldwin* Jr* 
and Jhr* J* L# McHugh fo r  advice on the treatm ent o f  the data  
and c r it ic is m  o f the manuscript*
7Figure 1 . A ty p ic a l  Hemidactylivm seutatuai (Sch legel)  nesting  area 
near Five Forks, James C ity  County, V irgin ia  ( f ig u r e  2 , l o c a l i t y  1 3 ) j 
a shallow, stagnant pond in  a cypress-beech-holly  woods.
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Two c o n d i t i o n s  w ere  n o t e d  In m o st  n e s t i n g  s i t e s ,  
s t i l l  o r  s l o w l y  m oving  w a te r  and some m a t e r i a l  c l o s e  t o  
th e  w a t e r  i n  w h ich  e g g s  c o u ld  h e  p l a c e d  i n  c o n c e a lm e n t*  
T h ese  c o n d i t i o n s  w ere  f i l l e d  hy a v a r i e t y  o f  t y p e s  o f  w a te r  
a r e a s ,  and a  number o f  * t h i n f* m o s s e s ,  "deep* m o s s e s ,  s e d g e s ,  
d e p u t i e s ,  and o t h e r  s u i t a b l e  c o n c e a lm e n t  m a t e r i a l s *  B e s t s  
w ere  exam in ed  i n  t h e  18 l o c a l i t i e s  mapped i n  f i g u r e  1 ,  and 
i n  two P ied m on t c o u n t l e s s  APPOMATTOX, 2 m i l e s  HHW o f  Appo­
m a tto x ?  and GHARIjOTT/S, i m i l e  H* o f  P h e n ix *  Me s t i n g  i n  
on e  a d d i t i o n a l  c o a s t a l  p l a i n  c o u n t y ,  r e p o r t e d  hy JA A* Fow­
l e r  ( l e t t e r ,  25 M arch, 1 9 5 0} i s  a s  f o l l o w s #  FAIRFAX, b e t ­
ween Hew A le x a n d r ia  and Dyke*
In  V i r g i n i a  n e s t s  o f  H e m id a c ty l ia m  a r e  foun d  
n e a r  m e a n d e r in g ,  s h a l l o w ,  s l o w - w a t e r  s t r e a m s  i n  h o g s?  by 
p o n d s  r a n g in g  i n  s i z e  up t o  t e n  a c r e s ;  b e s i d e  s e e p a g e  
s p r i n g s ;  and a d j a c e n t  t o  s t a g n a n t  p o o l s  i n  d r a i n a g e  d i t c h e s  
and tem p o ra ry  b r o o k s *  Moat n e a t s  a r e  n e a r  th e  w a t e r  s u r ­
f a c e  ( B i s h o p ,  1 9 2 0 ;  B la n c h a r d ,  1 9 2 2 } ,  u s u a l l y  b e tw e e n  
t h r e e  and e i g h t  i n c h e s  from  i t *  The w a te r  a r e a  r a n g e s  i n  
d e p t h  from  l e s s  th a n  an i n c h  i n  some s e e p a g e  s p r i n g s  to  
s e v e r a l  f e e t  i n  th e  l a r g e r  p o n d s .
In  two i n s t a n c e s  e g g  g r o u p s  w ere fo u n d  from  t h r e e  
t o  t e n  f e e t  from  th e  n e a r e s t  s u r f a c e  w a te r *  On March 2 4 ,
91950  a n e a t  { A -1 9 3 7 )  was c o l l e c t e d  i n  a r a v i n e  2 mi l e e  HIS 
o f  G l o u c e s t e r  C ou rt H ouse ( f i g u r e  2 ,  l o c a l i t y  5 )*  ’Hie e g g s  
w ere  found su sp en d e d  frosa t h e  r h im o ld s  o f  a  •‘d e e p 5* m oss*  
T hai d im s d e l ic a tu lu n *  (Hedw*) M i t t * ,  i n  a c r e v i c e  o n  to p  o f  
a  lo g  t h r e e  f e e t  from  s u r f a c e  w a te r *  4 mucky a r e a  e x t e n d ­
i n g  from  t h e  w a te r  to  t h e  l o g  s u g g e s t e d  t h a t  f o r m e r ly  w a te r  
had b e e n  i n  c l o s e r  a s s o c i a t i o n  w i t h  t h e  n e s t *  On March 2 5 ,  
1950 t h r e e  n e s t s  (A *1 9 6 6 ,  A - 1 9 6 8 ,  A -1 9 7 0 )  w ere  c o l l e c t e d  i n  
a r a v i n e  2 m i l e s  HI o f  L i g h t f o o t  ( f i g u r e  2 ,  l o c a l i t y  1 0 )*  
These  n e s t s  w ere  i n  c r e v i c e s  i n  * d e e p 4i m o s s e s ,  C llm aoium  
am ericanuat B r id  * and Mnium c a s o ld a tu m  Hedw», on a bank by 
a  mucky a r e a  more th a n  t e a  f e e t  from  s u r f a c e  w a te r *  I n  
s e l e c t i n g  a  n e s t i n g  s i t e  f e m a le  H em idacty l!urn  s c u ta tu m  
m i g r a t e  t o  th e  n e s t i n g  a r e a s ,  e n t e r  t h e  w a t e r ,  and swim f o r  
an u n d e ter m in e d  p e r i o d ,  f i n a l l y  e m e rg in g  from  t h e  w a te r  t o  
p ic k  a  c o n c e a lm e n t  Im m e d ia te ly  a d j a c e n t  t o  t h e  w a t e r  s u r ­
f a c e  ( B la n c h a r d ,  1 9 3 4 )*  I n  t h e  above  m e n t io n e d  c a s e s  i t  
i s  p r o b a b le  t h a t  s u r f a c e  w a te r  was i n  c l o s e  a s s o c i a t i o n  
w i t h  t h e  n e s t i n g  s i t e s  p r i o r  t© e g g - l a y i n g *
s a t e r  a d j a c e n t  t o  n e s t i n g  s i t e s  i s  u s u a l l y  c l e a r  
and s t i l l ,  a l t h o u g h  I t  may b e  t h e  "’black-* w a t e r  t y p i c a l  o f  
c y p r e s s  swamps* M eats n e a r  m ov in g  w a te r  w ere  foun d  i n  
m o ss  hummocks g r o w in g  o v e r  c y p r e s s  k n e e s  by bog  s tr e a m s*
The f l o w  o f  w a te r  b e s i d e  t h e s e  n e s t s  d id  n o t  e x c e e d  0*2  
m i l e s  p e r  hour*
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K o til in g  i s  r e p o r t e d  i n  t h e  l i t e r a t u r e  on t h e  pH o f  
w a t e r s  a d j a c e n t  t o  n e s t s  o f  Hem id a c  t y 11 am» The mean o f  
f i v e  d e t e r m i n a t i o n s  made March 2 7 ,  195 0  a t  F iv e  F o rk s  
( f i g u r e  1; f i g u r e  2 ,  l o c a l i t y  13} was pH 5* 0  •
Hemid a c  t y 1 1 1m  n e s t s  h a v e  h e e n  n o t e d  In  d e c id u o u s  
b io m e s  ( B i s h o p ,  1 9 2 0 f B la n c h a r d ,  1 9 2 2 )*  I n  V i r g i n i a  n e s t ­
in g  s i t e s  a r e  fo u n d  i n  b o t h  d e c id u o u s  and c o n i f e r o u s  w oods*  
b e s t s  h a v e  b e e n  fo u n d  f r e q u e n t l y  b e n e a t h  t h e  f o l l o w i n g  
w e e s *  c y p r e s s .  ( T a x o d lo a  d i s t i c h u m  ( h # ) ) |  l o b l o l l y  p i n e ,  
(P ln u a  t a e d a  L*)g h o l l y ,  ( I l e x  on aca  A i t * ) f  sy c a m o re ,
(P l a t  anus o c c id  e n t a i l s  I*.)? b e e c h ,  (Fag a a f t r a n d i f  o l i a  JShrh*)f 
w h it e  o a k ,  ( k u e r c u s  a l b a  b » )?  and c h e s t n u t  o a k ,  ( q .uercus  
ortn iaa  ! .* ) •  The ty p e  o f  t r e e s  n e a r  a w a te r  a r e a  a p p e a r s  to  
h a v e  l i t t l e  c o r r e l a t i o n  w i t h  t h e  s u i t a b i l i t y  o f  t h e  a r e a  a s  
a n e s t i n g  s i t ©  f o r  Hem i d ac t y 1 i  \m i s e v e r a l  h a b i t a t s  w ere  
foun d  i n  d e f o r e s t e d  a r e a s  o r  open  b o g s*  A t y p i c a l  c y p r e s s -  
h o l l y - b e e c h  n e s t i n g  h a b i t a t  n e a r  F iv e  F o r k s  ( f i g u r e  2 ,  l o c ­
a l i t y  13 ) i s  i l l u s t r a t e d  i n  f i g u r e  1*
A lth o u g h  H ughes (1 8 8 6 )  f i r s t  n o te d  H o a id a o t y 1 1 urn e g g s  
i n  m o s s ,  i t  rem ain ed  f o r  B is h o p  (1 9 2 0 )  to  i d e n t i f y  e g g s  
w i t h  sp h a g n a ce o u a  h a b i t a t s *  G i l b e r t  (1 9 4 1 )  fou n d  n e s t s  in  
Hew York i n  s e v e r a l  g e n e r a  o f  m o u ses*  Clim aoiumu Hniiim* 
sphagnum* and T h u ld i im * I f e s t s  h a v e  b e e n  fou n d  i n  V i r g i n i a  
i n  m o s s e s  o f  t h e s e  f o u r  g e n e r a  and n in e  o t h e r s ?  A tr ic h u m * 
Aulacom nlum . C t r r l o h y l i u m * igntodon* Surhynchium * ffypiuun* 
i ie o to d ic ty u m *  beucobryum * and F l a g i o t h e c i urn* P r o v i d i n g  a
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m o ss  c o n t a i n s  o r  c o v e r s  c r e v i c e s  in  w h ic h  egg© can  h e  depos­
i t e d ,  i t s  s u i t a b i l i t y  a s  a  n e s t i n g  h a b i t a t  a p p e a r s  to  be  
d e te r m in e d  b y  i t s  p r o x im i t y  to  w a te r  i n  n e s t i n g  a r e a s  *
H e s ta  are  o f t e n  fo u n d  i n  hummocks c o n t a i n i n g  m o s s e s  o f  
s e v e r a l  g e n e r a ,  s e d g e s  o f  t h e  g e n u s  Q arex . and o c c a s i o n a l l y  
h e p a t ic © *  The f o l l o w i n g  g e n e r a  o f  d o n a t io a ©  w ere  in v o l v e d *
h o p h o o o le a * P a l l a v i e i n i a « 3 c a p a n i a » and T e l e r a n e a * The
m o s s e s  and h e p a t i e s  i n  n e s t i n g  h a b i t a t s ,  and number o f  n e a t s  
a s s o c i a t e d  w i t h  them , a r e  c o m p i le d  i n  t a b l e  X*
O c c a s i o n a l l y  n e a t s  a r e  fo u n d  i n  o t h e r  t y p e s  o f  h a b i t a t s *  
B la n c h a r d  ( 1 9 3 2 )  n o t e d  some n e a t s  i n  s o u t h e r n  M ic h ig a n  i n  
c r e v i c e s  i n  t h e  s i d e s  o f  r o t t e d ,  w a t e r - s o a k e d  lo g © , and 
un d er  t h e  l o o s e  b ark  o f  stum ps*  Of t h e  224 n e s t©  exam ined  
i n  V i r g i n i a ,  78  per cent (175) were in m o s s e s ,  s e d g e s ,  and  
h e p a t ic © ?  17*9  p e r  c e n t  { 4 0 )  w ere  su sp e n d e d  from  t h e  r h i z o i d s  
o f  m o ss  o v e r  c r e v i c e s  i n  log©  or  banks? and 4 * 1  p e r  c e n t  ( 9 )  
?/@r@ i n  l e s s  u s u a l  h a b i t a t s  l i s t e d  i n  t a b l e  XI*
I a *  a £  M a t e
33T3 IK mnTaUAI, HABITATS 
H a b i t a t
4 -  -  -  -  I n s i d e  o f  r o t t e d  p l a n k s ,  
b o a r d s ,  and l o g s *
2 -  -  -  -  Under t h e  l o o s e  b ark  o f  
l o g s .
2 -  -  -  -  In  damp mounds o f  pin®  
n e e d l e s  and bark*
I -  * * •  In  a  h o l l o w  c y p r e s s  k n e e .
Jam es C i t y ,  Mathew©, 
L a n c a s t e r ,  and York*  
E l i z a b e t h  C ity *
Jam es C ity *
.Tames C ity *

i ' l g a r e  2 .  L o e a t io n a  o f  t h e  H e m id a c ty l la m  a o u ta tu m  {3<jh- 
l e g e l )  n e s t i n g  s i t e s  fo u n d  on t h e  V i r g i n i a  o o a a t a l  p l a i n *
l a *  Gpanty l o c a l i t y
1 -  -  BICHHOHD -  -  4  m i .  w m  o f  Warsaw}
2 -  -  WKCA3TBK -  -L iv e ly }
3 -  -  r,\NC,v3?;;« -  1 / 4  m l .  H. o f  G r a y ’ a 1’t . j
 4  irXuDI/SSSX -  3 m l .  S .  o f  S a lu d a }
5 -  -  GWKJ'JGTGR -  2  ml. H i a f  G lo u .  C t .  H o.}
6 -  -  MATHIS'.’3 -  -  1 / 2  m i • 33  Of J£athews}
7 -  -  CHAHL:.'3 CITT 4 m i* 33-3 o f  H o ld e r  o f t }
8 -  -  JAW .3 CITy -  2 m i .  S 3  o f  J o l l y  Pond}
9 -  -  J a t  3 S1OT -  3 / 4  m l*  •U o f  J o l l y  Pond}
10 -  -  TOHK  ---------- 2 m i .  SS  o f  L ig h t  f o o t }
11 -  -  J  ; i  1 OITX -  4 m i* IP? o f  W il l ia m s b u r g }
12 -  -  Yv. til -  -  -  -  l / Z  m l .  S* o f  W i l l ia m s b u r g }
13 -  -  J v~  . i s i r ?  -  1 / 3  M i *  W. o f  V iv e  ForJcs}
14 -  -  Y^ u* -  -  -  ~ Y orktow n a r ea ?
1§ -a -  XOil -  - !•§• ml* ’• of D e n b ig h?
16 -  -  'SJ&CtXCK -  « 1 / 2  m l* 3* o f  H arper  siyi l i e  ?
1? -  -  KLIEABBCT CITY •  B ussarH  f s  B o o s t  a r ea ?
18 -  -  3UZ£§.h!TH CITY * F o x ’ s  S t o r e  area*
L O
U P P E R
N E C K
MI DDL E
N E C K
L O W E R
N E C K
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IGQ-Tj&tm
On F eb ru ary  2 4 ,  1 951  t h r e e  f i e s t a  o f  r e c e n t l y  
d e p o s i te d .  Hem Id ao tar l l q »  e g g s  w ere  found  n e a r  F i r e  F o r k s  
{ f i g u r e  2, l o c a l i t y  1 5 }#  T h is  d a te #  th e  e a r l i e s t  on  
w h ic h  r e c e n t l y  d e p o s i t e d  e g g s  h a v e  b e e n  foun d  i s  t h e  f i e l d  
i n  e a s t e r n  Y i r g i n i a ,  i s  from  s i x  t o  s e v e n  w e e k s  e a r l i e r  
th an  t h e  d a t e  on w h ic h  e g g - l a y i n g  i s  r e p o r t e d  t o  commence 
i s  s o u t h e r n  M ich ig a n  ( B la n c h a r d ,  1 9 3 4 )  and Hew York ( B i s h o p ,  
1 9 4 1 ) •
B la n c h a r d  (1 9 3 4 }  r e p o r t e d  t h a t  e g g - l a y i n g  i n  
M ic h ig a n  s t a r t e d  i n  m id * A p r i l ,  and was c o m p le te d  b e f o r e  
May# I t  i s  p r o b a b le  t h a t  t h e  p e r io d  i n  w h ic h  t h e  m a j o r i t y  
o f  Hem id .a c ty  Hum d e p o s i t  t h e i r  e g g s  In  Y l r g i n i a  i s  a l s o  
a b o u t  o f  two w eeks d u r a t io n #  In  1951  80 p e r  c e n t  o f  t h e  
18 f e m a l e s  c o l l e c t e d  "February 2 4 th  w ere  g r a v i d ,  and had no 
l a r g e  ova  i n  t h e i r  o v i d u c t s ;  t h i s  i s  i n t e r p r e t e d  a s  m ean in g  
t h a t  th e y  had n o t  s t a r t e d  t o  la y  t h e i r  e g g s #  B in e  d a y s  l a t e r ,  
on Maroh 4 t h ,  o n ly  1? p e r  c e n t  o f  94 f e m a l e s  w ere  found i n  
t h i s  c o n d i t i o n *  Only two p e r  c e n t  o f  a l l  f e m a l e s  c o l l e c t e d  
a f t e r  .March 1 0 th  w ere  g r a v id *
O f f * s e a s o n  egg  d e p o s i t i o n  was f i r s t  i n d i c a t e d  by  
a n e s t  o f  2 2  h a t c h i n g  e g g s  fo u n d  March 4 t h ,  1951  n e a r  B en*  
h i g h  ( f i g u r e  2 ,  l o c a l i t y  15) by 0* K• Ooodwln* T h is  n e s t  
i s  d i s c u s s e d  i n  t h e  s e c t i o n  on I n c u b a t io n *
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B is h o p  ( 1 9 4 1 )  r e p o r t s  t h a t  H em idaoty H um  e g g s  
a r e  d e p o s i t e d  i n  n e a t  c a v i t i e s  w h ich  o f t e n  h a v e  t h e  ap ­
p e a r a n c e  o f  b e i n g  form ed  hy t u r n i n g  m ovem ents o f  t h e  f e ­
m a l e s ,  h u t  In  some i n s t a n c e s  i t  i s  e v i d e n t  t h a t  th e  f e ­
m a l e s  h a v e  m e r e ly  e x p l o i t e d  n a t u r a l  c a v i t i e s  i n  t h e  m o sse s*  
A l l  n e s t s  exam in ed  i n  V i r g i n i a  a p p ea r  to  r e s u l t  from  t h e  
s e l e c t i o n  o f  n a t u r a l  c r e v i c e s  hy  th e  f e m a l e s ,  and th e  sh ape  
o f  t h e  c r e v i c e s  to  some e x t e n t  d e t e r m in e  th e  s h a p e s  o f  th e  
e g g  g r o u p s*  The o u t e r  e n v e l o p e s  o f  th e  e g g s  a re  a d h e s i v e ,  
and a s  t h e  eg gs  a r e  d e p o s i t e d  th e y  a d h ere  t o g e t h e r  i n  com­
p a c t  c l u s t e r s  i n  M ee p %  l o o s e  m o s s e s  l i k e  Thuidturns i n  
nt h in * *  d e n s e  m o s s e s  l i k e  .P la g io th .ee  tews th e  eg  a: a a r e  sp re a d  
o v e r  a l a r g e  s u r f a c e  i n  % s i n g l e  com pact l a y e r *
B la n c h a r d  (1 9 2 2 )  s p e c i f i e d  t h a t  th e  e g g s  a re  
placed , ^ e i t h e r  j u s t  under t h e  m o ss  c o v e r in g  o f  an o ld  stump  
or  r o o t  o r  e n t a n g l e d  i n  m o ss  r h i z o i d s  and g r a s s  r o o t s ,  n o t  
i n  th e  e a r t h  h e lo w  th e  r o o t s  n o t  i n  th e  m o ss  and g r a s s  a b o v e  
t h e  r o o t s * * In V i r g i n i a  78 p e r  c e n t  o f  t h e  n e s t s  w ere fou n d  
ab ove  t h e  r o o t s ,  among th e  s h o o t s  and l e a v e s  o f  m o s s e s ,  h e p ­
a t i c  s ,  and s e d g e s ?  17*9 per  c e n t  w ere  a t t a c h e d  t o  r h i z o i d a  
and r o o t s *  The l a t t e r  was n o te d  i n  th e  C lr r i c h y H u m  h a b i t a t  
2 m i l e s  SIT  o f  A p p om attox , w h ere  eg g  g r o u p s  w e re  su sp en d e d  
o v e r  c r e v i c e s  i n  t h e  bank from  t h e  r h i z o i d a  o f  t h i s  * tte in*  
m oss*
"om etim es f e m a l e s  e x p l o i t e d  h a b i t a t s  w i t h  v e r y
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c o n f i n i n g  c r e v i c e s  su ch  a s  t h o s e  l i s t e d  i n  t a b l e  I I *  in 
t h e s e  n e s t s  e g g s  w ere  o f t e n  s c a t t e r e d  o v e r  a l a r g e  s u r f a c e *  
and f r e q u e n t l y  t h e y  w ere  n o t  i n  c o n t a c t  w i t h  one a n o th e r *
'-he s p a c e  l i m i t a t i o n s  o f  t h e s e  h a b i t a t s  d id  n o t  p r e v e n t  
numbers o f  f e m a l e s  from  fo r m in g  c o m p o s i t e  n e s t s  * S e p a r a te  
n e s t s  o f  52 8  and 4 3 8  e g g s  w e re  fo u n d  in  mounds o f  p i n e  
n e e d l e s ,  and a c o m p o s i t e  n e s t  under l o o s e  bark  c o n t a i n e d  
284 eg g s*
B is h o p  ( 1 9 4 1 )  n o t e d  t h a t  E e a i& a o ty l lu m  t u r n s  **u p s id e  
dow n’* t o  d e p o s i t  e g g s *  X hia  b e h a v io r  i s  c h a r a c t e r i s t i c  o f  
a  number o f  sa la m a n d e r  s p e c i e s  w h ic h  la y  t h e i r  e g g s  i n  
w a ter*  a t t a c h i n g  them t o  t h e  lo w e r  s u r f a c e  o f  some su p p o r t*  
S i m i la r  b e h a v io r  h a s  b e e n  o b s e r v e d  f o r  s e v e r a l  s p e c i e s  o f  
s a la m a n d e r s  t h a t  d e p o s i t  t h e i r  e g g s  i n  t e r r e s t r i a l  s i t u a t ­
io n s *  In V i r g i n i a  th e  F o u r - t o e d  S a lam an d er  u s u a l l y  f o l l o w s  
t h i s  b e h a v i o r  p a t t e r n  when d e p o s i t i n g  e g g s  i n  c r e v i c e s  i n  
l o o s e  m o ss  hummocks w h ere  some freedom o f  m ovem ent i s  a f ­
f o r d e d *  H ow ever , e g g s  i n  some n e s t s  c o u ld  n o t  h a v e  b ea n  
d e p o s i t e d  i n  t h i s  way b e c a u s e  o f  th e  shape o f  t h e  n e s t i n g  
c r e v i c e *  .Examples o f  t h e s e  n e s t s  a r e  t h e  egg groups fo u n d  
on t h e  v e r t i c a l  s u r f a c e s  o f  b o a r d s  around s e e p a g e  s p r i n g s  
n e a r  W il l ia m s b u r g  ( f i g u r e  2, l o c a l i t y  12 ) and Mathews 
( f i g u r e  2 ,  l o c a l i t y  6 )*  I n  t h e  l a b o r a t o r y  f e m a l e s  hav e  
b e e n  o b s e r v e d  d e p o s i t i n g  e g g s  on v e r t i c a l  s u r f a c e s ;  th e y  
a c c o m p l i s h  t h i s  i n  a q u a r ia  w h i l e  " s ta n d in g  on t h e i r  heads*1*
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On March 23* 1 950  n e a r  York town ( f i g u r e  2 f l o c ­
a l i t y  1 4 ) ,  and on March 4 ,  1951 n ea r  D e n b ig h  ( f i g u r e  2 , 
l o c a l i t y  15 )  n e s t s  w e re  o b s e r v e d  w h ic h  had b e e n  d e p o s i t e d  
i n  e x p o s e d  p o s i t i o n s  on to p  o f  m o ss  hummocks♦ I t  seem s  
d o u b t f u l  t h a t  t h e s e  e g g s  w ere  d e p o s i t e d  by f e m a l e s  i n  t h e  
3u p s id e  down* p o s i t i o n *
I n  many n e s t i n g  s i t e s  th e  m a j o r i t y  o f  n e s t s  w ere  
fo u n d  i n  m o ss  hummocks a l o n g  t h e  b a n k s o f  p o n d s ,  b u t  i n  
h a b i t a t s  c o n t a i n i n g  l i t t l e  i s l a n d s  o f  f l o a t i n g  m o s s - c o v e r e d  
l o g s ,  s e d g e  hammocks, o r  c y p r e s s  k n e e s ,  many n e s t s  w ere  
fo u n d  i n  l o c a t i o n s  f e m a l e s  c o u ld  r e a c h  o n ly  th r o u g h  swim­
m in g .  On March 2 7 ,  1950  t h e r e  w ere  28  n e s t s  around t h e  
pond n e a r  F iv e  F ork s  ( f i g u r e  1}$ 19 o f  t h e s e  w ere  on I s l e t s ,  
and th e  r e m a in in g  n in e  w e re  on t h e  bank ( 4 ) ,  o r  on  m o s s -  
c o v e r e d  l o g s  e x t e n d i n g  o u t  from  t h e  bank ( 5 ) *  The f e m a l e s  
had d e p a r t e d  from  many o f  t h e  n e s t s  on t h i s  d a t e #
i s
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B is h o p  ( 1 9 4 1 )  r e p o r t s  t h e  i n c u b a t i o n  p e r io d  t o  
be v a r i a b l e ,  d e p e n d in g  on t e m p e r a t u r e ,  m o i s t u r e ,  **and p e r ­
h a p s  o t h e r  f a c t o r s * * I n  Hew Y o r k , a s  a  r e s u l t  o f  f i e l d  
o b s e r v a t i o n s  o f  e g g - l a y i n g  and h a t c h i n g ,  B is h o p  ( i b i d * )  
fou n d  t h a t  i t  v a r i e s  from  52 t o  60 d a y s*  L a b o r a to r y -  
r e a r e d  em bryos em erged  i n  30 d a y s  ( B i s h o p ,  1 9 2 0 ) •  One e g g -  
g r o u p  d e p o s i t e d  March 4 ,  1951  n e a r  F iv e  F o r k s ,  James 0 1 ty  
C o u n ty , V i r g i n i a ,  was o b s e r v e d  May 3 rd  w i t h  l a r v a e  e m e r g in g ; 
t h i s  e s t a b l i s h e s  an  I n c u b a t i o n  p e r io d  o f  61 d a y s  f o r  t h i s  
n e s t  *
Sgg m o r t a l i t i e s  a r e  common , e s p e c i a l l y  d u r in g  
A p r i l  i n  n e s t i n g  a r e a s  on t h e  V i r g i n i a  c o a s t a l  p l a i n *  Dead  
e g g s  a r e  fo u n d  more f r e q u e n t l y  i n  .Soha&naia th a n  i n  o t h e r  
m o s s e s ;  m o r t a l i t i e s  a r e  m ore common i n  c o m p o s i t e  n e s t s  th a n  
i n  s m a l l  e g g -g r o u p s *  Bead e g g s  a r e  d i s t i n g u i s h e d  from  l i v i n g  
o n e s  by t h e i r  opaque o r  m i lk y  a p p e a r a n c e ,  a s  c o n t r a s t e d  w i t h  
th e  t r a n s p a r e n t  o r  t r a n s l u c e n t  e n v e lo p e  o f  l i v i n g  e g g s *  The 
c a u s e s  o f  t h e s e  m o r t a l i t i e s  h a v e  n o t  b e e n  d e t e r m in e d ,  b u t  
B is h o p  ( 1 9 2 0 )  r e p o r t s  t h a t  e x c e s s i v e  m o i s t u r e  i s  l e t h a l  t o  
l a b o r a t o r y - i n c u b a t e d  e g g s ,  and G reen  ( 1 9 4 1 )  c i t e s  a  c a s e  i n  
w h ic h  n a t u r a l  m o r t a l i t y  o c c u r r e d  i n  a  w e t  h a b i t a t *  Line©  
s e v e r a l  V i r g i n i a  e g g  g r o u p s  s u c c e s s f u l l y  p a s s e d  th r o u g h  t h e i r  
I n c u b a t i o n  su b m erged , i t  i s  p r o b a b le  t h a t  e x c e s s i v e  m o i s t u r e  
i s  n o t  a d i r e c t  c a u s e  o f  egg  m o r t a l i t y *
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Ho d a t a  on  t h e  t e m p e r a t u r e s  o f  n e s t s  and o f  
a d j a c e n t  a i r  and w a t e r  w ere  fo u n d  i n  th e  l i t e r a t u r e *  A 
g r o u p  o f  n in e  n e s t s  n e a r  F i r e  F o rk s  ( f i g u r e  2 ,  l o c a l i t y  
13) w ere  c h e c k e d  on March 2 5 f 1950* and t h e s e  r e a d i n g s  
w i t h  t h e  i d e n t i t y  o f  th e  m o s s e s  su r r o u n d in g  th e  e g g s  a r e  
c o m p i le d  i n  t a b l e  I I I .  B e s t  t e m p e r a t u r e s  w ere  m ea su red  
w i t h  t h e  th erm om eter  b u lb  i n  c o n t a c t  w i t h  t h e  egg  c l u s t e r s  $ 
a i r  t e m p e r a t u r e s  w ere  m ea su red  f i v e  cm* ab ove  t h e  n e s t  
hummocks, and w a t e r  t e m p e r a t u r e s  w ere  t a k e n  a d j a c e n t  to  
t h e  n e s t s *
rmiM i n
H ^ K .  AIR. AKD VTAT3R TSMgSRAT0RR3: ( °C ♦ }
•Test
Ho*
A ir
Temp*
H a st
Temp*
M ater
Temp*
M oss around  
e g g s
1 31* 0 24*5 2 1 .5 Thuidium
2 2 7 . 0 24*0 2 1 *0 Thuidium
3 29*5 24 * 0 2 2 .0 Thuidium
4 2 9 * 5 2 5 .0 2 3 .0 Thuidium
5 2 9 .0 23 • 3 2 2 . 5 Thuidium
6 2 3 . 0 24 « 0 2 3 .0 Thuidium
7 23*0 2 3 .0 2 1 .0 Thuidium
3 29 * 0 21*0 2 1 . 0 3Bhagnum
9 28*0 1 9 . 0 2 1 . 0 M saSIU Si
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b e s t s  i n  T hai d im s h a b i t a t s  w ere  i n t e r m e d i a t e  
i n  t e m p e r a tu r e s  "between t h o s e  o f  a d j a c e n t  a i r  and w a te r *  
They w ere  a lw a y s  more c l o s e l y  c o r r e l a t e d  w i t h  th e  l a t t e r *  
The two n e s t s  i n  3oha&num had t e m p e r a t u r e s  b e lo w  or  e q u a l  
t o  t h a t  o r  a d j a c e n t  w a te r *  F u r th e r  s t u d i e s  a re  n e e d e d  t o  
d e t e r m in e  w h e th e r  t h e  d i f f e r e n c e s  i n  t e m p e r a t u r e s  o f  n e s t s  
^tohagmim and Thuidium  a r e  s u s t a i n e d  th r o u g h  t h e  i n c u ­
b a t i o n  p e r io d *  I f  s o ,  i t  i s  p o s s i b l e  t h a t  d i f f e r e n t  r a t e s  
o f  em b ry o n ic  d e v e lo p m e n t  o c c u r  i n  t h e s e  m o s s e s *
The e x t e n t  o f  t h e  i n c u b a t i o n  p e r io d  o f  th e  egg  
gr o u p  fo u n d  h a t c h i n g  on March 4 ,  1 9 51  n e a r  D en b ig h  ( f i g u r e  
2 ,  l o c a l i t y  15) i s  unknown* I t  u n d o u b te d ly  e x c e e d e d  th e  
l e n g t h  o f  th e  i n c u b a t i o n  p e r i o d  e x p e r i e n c e d  by em bryos  
d e v e l o p i n g  i n  March and A p r i l*  I f  i n c u b a t i o n  t a k e s  a b o u t  
60 d a y s  n o r m a l ly ,  and i n c u b a t i o n  w as n o t  r e t a r d e d  i n  t h i s  
b r o o d ,  t h e  e g g s  w ere  l a i d  d a r in g  t h e  f i r s t  w eek o f  January| 
i t  seem s m ore l i k e l y  t h a t  t h e  e g g s  w ere  d e p o s i t e d  d u r in g  
t h e  f a l l  m onth s*
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r m  r-:3Lation o f  m i  m s n m  o f  v x u g im ia  
im i& A G T n j& t  t o  o m m  >±?Rim m m v s
As r e l a t e d  to  o t h e r  s p r in g  © v e n ts  i n  s o u t h e r n  
M ic h ig a n  Kemid ae ty  Hum e g g - l a y i n g  o c c u r s  when h e p a t i c  a s  
(H e .n a t ic a  t r l  lo b  a C h a ix )  are  'b e g in n in g  t o  bloom* and 
s p r in g  p e e p e r s  (H y la  c r u c i f e r  c r u c i f e r  w@id) a r e  b e g i n ­
n in g  to  c h o r u s  (B la n c h a r d *  1 9 2 2 )*  T h is  c o r r e l a t i o n  was  
n o t  n o t e d  i n  e a s t e r n  V i r g i n i a  i n  1 9 5 1 .  H e p a t ic a s  w ere  
b lo o m in g  i n  Y orktow n r a v i n e s  one m onth p r i o r  t o  th e  
i n i t i a t i o n  o f  Hem id  a c  t.y l l i s a  e g g - l a y i n g *  and t h e  s p r in g  
p e e p e r s  w ere  n o t  h e a r d  from  u n t i l  tw o w eek s  a f t e r  th e  
H am idacty liurn  sp aw ning* i n  1951 th e  e g g - l a y i n g  o f  th e  
T w o - l in e d  ia la m a n d sr*  B u ry o ea  b i s l l n e a t a  b* x c l r r i g e r a  
c o i n c i d e d  w i t h  t h e  b lo o m in g  o f  h e p a t i c a  i n  fork tow n * and  
t h e  s p r i n g  b e a u t y  ( C l a y t o n l a  v l r g i n l o a  A*) and b l o o d r o o t  
(G a n isa in a r ia  c a n a d e n s i s  L*) w ere  b lo o m in g  when. H em ld actyH u m  
s t a r t e d  t o  l a y  t h e i r  e g g s #
B la n c h a r d  (1 9 3 4 )  f u r t h e r  n o t e s  t h a t  M ic h ig a n  
l i e m ia a c t y l lu m  em erge from  h i b e r n a t i o n  rtmany d ay s*  p e r h a p s  
t h r e e  w eek s*  a f t e r  t h e  s p o t t e d  sa la m a n d e r s  h a v e  m ated  and 
l a i d  t h e i r  e g g s * - 1 In  1 95 1  i n  t h e  W il l ia m s b u r g  a r e a  ( f i g u r e  2 * 
l o c a l i t y  12} a few  Ambyatoma m acu latum  (dhaw) d e p o s i t e d  
t h e i r  e g g s  t h r e e  o r  f o u r  d a y s  b e f o r e  H e a ld a c ty H u m  s t a r t e d  
d e p o s i t i n g  e g g s*  b u t  t h e  p e r io d  i n  w h ich  m o st  e g g s  w ere  
d e p o s i t e d  b y  b o th  o f  to e s©  s p e c i e s  (Feb# 2 4 t h  t o  Mar* 1 0 th )  
c o i n c i d e d •
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The number o f  e g g s  i n  141 Heml da c ty. l i  urn n e s t  a 
c o l l e c t e d  i n  V i r g i n i a  i n  1950 and 1951  a r e  p l o t t e d  i n  
f i g u r e  5* I n d i v i d u a l  n e s t  com p lem en ts  r a n g e d  from  s i x  t o  
868  e g g a 9 w i t h  t h e  mode c o n s i s t i n g  o f  n e s t s  c o n t a i n i n g  
frost 30  to  40 e g g s*  G i l b e r t  (1 9 4 1 )  c o n s i d e r s  l le m id a c t y -  
Hum n e s t s  In  Mew York c o n t a i n i n g  more th a n  40 e g g s  a s  
p r o b a b ly  th e  p r o d u c t  o f  more th a n  one  f e m a le *  I f  t h i s  i s  
t r u e  i n  V i r g i n i a ,  74  p e r  c e n t  o f  t h e  n e s t s  c o l l e c t e d  i n  
t h e  f i e l d  c o n t a i n e d  th e  p r o d u c t s  o f  more th a n  one fe m a le *
I n  e x a m in in g  47 n e s t s  i n  P e im s y I v a n ia ,  P a w lin g  
( 1 9 3 9 )  fo u n d  none c o n t a i n i n g  m ore th a n  50 e g g s ;  th e  m a x i­
mum c o u n t  o f  e g g s  i n  32  n e a t s  i n  Mew York was r e p o r t e d  by  
G i l b e r t  (1 9 4 1 )  a s  6 8 .  B i s h o p  (1 9 4 1 )  r e p o r t s  o n ly  a s i n g l e  
c o m p o s i t e  n e s t  from  Mew York# I n  m arked c o n t r a s t  w i t h  t h i s  
a r e  B la n c h a r d ’ s ( 1 9 3 4 )  r e c o r d s  o f  1 2 0 , 1 7 3 ,  2 4 7 ,  2 5 0 ,  3 2 0 ,  
4 3 5 ,  4 8 7 ,  6 4 4 ,  and 1 ,1 1 0  e g g s  in  M ic h ig a n  n e s t s *  The t e n ­
d en cy  toward c o m p o s i t e  n e s t s  In  V i r g i n i a  p a r a l l e l s  t h i s  
b e h a v i o r  i n  M ich igan *
97 EGG GROUPS
NUMBERS OF EGGS
44 EGG GROUPS
( 101 TO 900 EGGS)
200 300
i i i
400 500 600
I 1 I
700 800 90
NUMBERS OF EGGS
'igure 3 * ■yh -3 number of 3 count -u in 1 4 i neate of 
ty li urn turn . ;ch  1 e,:-yel) In firginiu*
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The s e x  o f  a d u l t  H em ldaoty H um  a t t e n d i n g  n e a t s  
was d e te r m in e d  by B la n c h a r d  (1 0 2 2 )  th r o u g h  d i s s e c t i n g  40  
sp e c im e n s?  a l l  w e re  f e m a le s *  The d i s s e c t i o n  o f  24 4  a d u l t s  
c o l l e c t e d  i n  V i r g i n i a  n e s t i n g  s i t e s  v e r i f i e d  t h i s  r e p o r t ? 
243  f e m a l e s ,  one m a le#  The m a le  was fou n d  a t  a  n e s t  a l s o  
a t t e n d e d  by a  f e m a le *
Mo on e  h a s  d e te r m in e d  why f e m a l e s  a r e  fo u n d  a t  
n e a t s  a f t e r  e g g - l a y i n g 5 no a g g r e s s i v e  ’b e h a v i o r  w h ich  c o u ld  
be i n t e r p r e t e d  a s  g u a r d in g  h a s  b e e n  n o t e d  i n  V ir g in ia #  a l ­
th o u g h  G i l b e r t  ( 1 9 4 1 )  r e p o r t s  '-’g u a rd in g * 1 i n  Mew York I  t a t # *  
B'oble (193 0  3 r e p o r t s  t h a t  t h e  f e m a le  o f  Anbystom a ooacum  
(G r a v e n h o r s t )  r e m a in s  w i t h  h e r  e g g s  m e r e ly  b e c a u s e  o f  e x ­
h a u s t io n #  I f  t h i s  i s  t r u e  o f  H e m ld a c tv l im a  i t  w o u ld  be  
e x p e c t e d  t h a t  f o l l o w i n g  a p e r i o d  o f  r e c u p e r a t i o n  th e  f e m a le  
w ou ld  abandon t h e  n e s t *  A f u r t h e r  i n c e n t i v e  t o  s t i m u l a t e  
f e m a l e s  to  l e a v e  t h e  n e s t s  m ig h t  be th e  h u n g e r  d r i v e *  On 
March 18# 1950 i t  w as o b s e r v e d  t h a t  f e m a l e s  r e m a in  w i t h  
t h e  n e s t s  b o t h  n i g h t  and d a y s  d i s s e c t i o n s  o f  243  f e m a l e s  
a t  n e s t i n g  s i t e s  showed t h a t  a l l  s p e c im e n s  had empty s t o ­
m achs* The d i g e s t i v e  r a t e  i n  sa la m a n d e r s  i s  s o  s lo w  t h a t  
t h i s  i s  s t r o n g  e v i d e n c e  t h a t  f e e d i n g  i s  r a r e  w h i l e  f m a l e s  
a r e  a t t e n d i n g  n e s t s *
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The p o s i t i o n  o f  t h e  a t t e n d i n g  fe m a le  i n  r e l a t i o n  
to  t h e  egg  m ass  h a s  b e e n  d e s c r i b e d  by B is h o p  ( 1 9 2 0 )  a s  
f o l l o w s s  *Xn e v e r y  i n s t a n c e  t h e  f e m a le  was fo u n d  e i t h e r  
p a r t l y  c o i l e d  upon th e  e g g a  o r  a b o u t  them •" I n  V i r g in ia #  
to  t h e  c o n t r a r y ,  f e m a l e s  a re  fo u n d  b e n e a th  th e  e g g s  i n  m oat  
h a b i t a t s ,  and a r e  r a r e l y  e i t h e r  upon th e  e g g s  o r  c o i l e d  
a b o u t  them# In  t h e  C ir r ip h y H u m  h a b i t a t  i n  A ppom attox  
County t h e  n e s t s  were d e p o s i t e d  i n  c r e v i c e s  o f  an e ro d ed  
b r o o k  b a n k , a t t a c h e d  t o  t h e  r h i z o i d s  o f  th e  m oss*  Some o f  
t h e  f e m a l e s  were fo u n d  l y i n g  on th e  e g g  g r o u p s  i n  t h i s  c a s e *
In  M m  Y ork f e m a le s  r e m a in  w i t h  th e  n e a t s  th r o u g h ­
o u t  t h e  i n c u b a t i o n  p e r i o d  ( B i s h o p ,  1 9 4 1 )  and i n  e v e r y  n e s t  
a f e m a le  was fo u n d  '‘g u a r d i n g * t h e  e g g s ,  e v e n  th o u g h  th e  
m a j o r i t y  o f  th e  e g g s  showed an  advan ced  s t a g e  o f  d e v e lo p m e n t  
( G i l b e r t ,  1 9 4 1 )*  In  M ic h ig a n ,  t o o ,  f e m a le s  u s u a l l y  a t t e n d  
t h e i r  n e s t s  u n t i l  th e  zime o f  h a t c h i n g  u n l e s s  th e  n e s t s  a r e  
c l o s e l y  a s s o c i a t e d  w i t h  o t h e r  n e s t s ,  i n  w h ic h  c a s e  a l l  b u t  
on e  o f  th e  f e m a l e s  u s u a l l y  d e s e r t s  th e  n e s t s ,  and "‘o n ly  
o c c a s i o n a l l y  w i l l  e v e n  two r e m a in ,  **(B la n c h a r d ,  1 9 3 4 )*  I n  
c o n t r a s t  t o  t h e s e  r e p o r t s ,  i n  V i r g i n i a  24 p e r  c e n t  o f  th e  
n e s t s  c o l l e c t e d  d u r in g  th e  f i r s t  t h r e e  w eek s a f t e r  t h e  
e g g - l a y i n g  p e r io d  w ere  u n a t te n d e d  ( t a b l e  V ), and tow ard  
th e  end  o f  t h e  I n c u b a t i o n  p e r io d  ( m id - A p r i l  t o  May) fe w  
f e m a l e s  a r e  found a t t e n d i n g  n e s t s *  The e x o d u s  o f  f e m a l e s  
from  th e  n e s t i n g  s i t e s  I s  e v id e n c e d  by  t h e  d i f f e r e n c e  i n  
a v e r a g e  number o f  e g g s  p e r  f e m a le  i n  t a b l e s  IV and V*
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Ho* o f  Ho* o f  T o t a l  Av. Ho* o f  A v. Ho* o f
F e m a le s H ea ts Mo* o f
'%ga
.iggs p e r  
Meat
Aggs pe  
Fem ale
0 0 0 0 0
1 23 1277 56 56
2 14 1354 97 4 8
3 7 9 2 1 132 44
4 2 9 3 9 180 45
T o t a l s s 46 4 , 0 1 1
A verage number o f  e g g s p e r  f e m a le  s 5 0 . 2
?ABXi& V 
IT33T3 COi&BCTUr- DtTHIHG n m m  wskk3
F01LCT$ x m  m \2 -h \Y X m P.I2HI0B
Mo. Of 
F em a les
Ho. Of
M eats
T o t a l  
Mo. Of
iilggs
Av* Ho* o f  
3 g g s  p e r  
H o st
AV* MO.
Hggs pe  
Fem ale
0 23 3 , 2 0 1 140 OCf
1 57 4 , 7 4 7 S3 83
2 13 2 ,5 2 2 194 97
3 3 6 9 8 233 79
T o t a l s  s 96 1 1 , 1 6 8
A v e ra g e  number o f  e g g s  p e r  f e m a l e s  121
A v . Mo* o f  e g g  p e r  f e m a le  I n  n e a t s  
s t i l l  a t t e n d e d  by f e m a le a s  86*3
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T a b le  XV i n c l u d e s  c o u n t s  o f  e g g s  and f e m a le s  
i n  46  n e s t s  c o l l e c t e d  from  Warwick and James C i t y  C o u n t ie s  
b e tw e e n  F eb ru a ry  2 4 th  and March 4 ta,  1951* T a b le  V i s  
b a se d  upon s i m i l a r  d a t a  from  96 n e s t s  c o l l e c t e d  i n  1950  
and 1951  b e tw e e n  March 1 0 th  and A p r i l  4 t h y a p e r io d  o f  
t h r e e  w e ek s  f o l l o w i n g  c o m p le t io n  o f  e g g - l a y i n g #  A f t e r  
March 1 0 th  t h e  numbers o f  e g g s  a t t e n d e d  by o n e ,  tw o , and 
t h r e e  f e m a l e s  was g r e a t e r  by from  49 t o  102  p e r  c e n t  th a n  
th e  num bers o f  e g g s  a t t e n d e d  la rch  4 t h  and e a r l i e r }  t h i s  
i s  e v id e n c e  o f  th e  t e n d e n c y  t o  form  c o m p o s i t e  n e s t s ,  and 
o f  d e s e r t i o n  o f  f e m a l e s  from  t h e s e  n e s t s  a f t e r  e g g - l a y i n g #  
The a v e r a g e  number o f  e g g s  p e r  f e m a le  i n  T ab le  V, 1 2 1 ,  
g r e a t l y  e x c e e d s  an a v e r a g e  b a s e d  upon t h e  number o f  e g g s  
p e r  f e m a le  i n  n e s t s  s t i l l  a t t e n d e d ,  b e c a u s e  23 n e s t s  c o n ­
t a i n i n g  3 , 2 0 1  e g g s  had  b e e n  d e s e r t e d *  A c o m p a r iso n  o f  th e  
a v e r a g e  number o f  e g g s  p e r  f e m a le  i n  T a b le s  IV and V show s  
t h a t  a  141  p e r  c e n t  I n c r e a s e  (from  50#2  t o  121 e g g s )  h a s  
o c c u r r e d .  By A p r i l  5 t h ,  h e r e  e s t i m a t e d  a s  t h e  m i d - p o i n t  i n  
t h e  i n c u b a t i o n  p e r i o d ,  3 o f  e v e r y  5 f e m a l e s  h a v e  d e s e r t e d  
th e  n e s t s #
D e s e r t i o n  o f  c o m p o s i t e  n e s t s  c a n  o c c u r  e a r l y  i n  
t h e  e g g - l a y i n g  p e r i o d .  ? sin g  B is h o p * s  ( 1 9 4 1 )  a v e r a g e  o f  
50 e g g s  d e p o s i t e d  p e r  f e m a l e ,  a  n e s t  o f  695 e g g s  c o l l e c t e d  
March 4 ,  1951  n e a r  D e n b ig h ,  Warwick C o u n ty , m u st  h ave  b e e n  
d e p o s i t e d  by 14 f e m a l e s ,  b u t  i t  was a t t e n d e d  by 5} n in e  
had d e p a r t e d  by t h e  t im e  th e  e g g - l a y i n g  s e a s o n  w as o n ly  
n i n e  d a y s  o ld #
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3 IS 3  GROUPS
The use  o f  t o t a l  l e n g t h  In  a s i z e  s tu d y  o f  
H e m ld a c ty l lu m  scu ta tu ra  i s  u n s a t i s f a c t o r y  b e c a u s e  i t  i s  
n o t  p o s s i b l e  t o  d i s t i n g u i s h  b e tw e e n  a sp e c im e n  w i t h  a 
norm al t a l l  and a n o t h e r  w i t h  a n e a r l y  f u l l - s i z e d  r e g e n e r ­
a t e d  t a i l *  The t a i l  o f  H eraldacty 11 uat i s  u s u a l l y  l o s t  a t  
t h e  b a s a l  c o n s t r i c t i o n !  o f  39 V i r g i n i a  sp e c im e n s  w i t h  
damaged o r  r e g e n e r a t e d  t a i l s *  38  had l o s t  th e  t a i l  a t  t h i s  
p o in t *  The e x t e n s i v e  v a r i a t i o n  i n  t a i l  l e n g t h s *  a s  c o n ­
t r a s t e d  w i t h  h e a d  and body l e n g t h s *  a r e  d e m o n s tr a te d  by  
B la n c h a r d  and B la n c h a r d  (1 9 3 1 )*  n e v e r t h e l e s s  a l l  s i z e  
s t u d i e s  i n  t h e  l i t e r a t u r e  a r e  b a s e d  upon t o t a l  l e n g t h s ,  
and f o r  p u r p o s e s  o f  c o n t r a s t  t h e s e  m ea su r em e n ts  a r e  u sed  i n  
t h i s  r e p o r t  i n  a d d i t i o n  t o  th e  f a r  s u p e r i o r  s n o u t - v e n t  
m ea su r em e n ts*
T o t a l  l e n g t h s  o f  a d u l t  f e m a l e s  i n  s o u t h e r n  
M ic h ig a n  v a r i e d  from  l o c a l i t y  t o  l o c a l i t y !  t h r e e  s e r i e s  
s t u d i e d  by B la n c h a r d  and B la n c h a r d  a v e r a g e d  7 4 * 1  mm*,
74*7  3UB*t and 8 3 .7  mra * B is h o p  (1 9 4 1 )  n o te d  t h a t  Hwi 
York f e m a l e s  a v e r a g e d  70*9 mm* In  V i r g i n i a  2 04  a d u l t  
f e m a l e s  from  n e s t i n g  s i  t e a  averaged 7 8 * 4  £  2*9  jam** r a n g in g  
from  6 0* 5  to  94*5  mm*
i n o a t - v e n t  l e n g t h s  o f  243  a d u l t  f e m a le s *  f o u r  
y e a r l i n g s ,  and 82 r e c e n t l y  em erged l a r v a e  i n  F ig u r e  4
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show t h e  s i z e  c l a s s e s  ©f H em ld a c ty liu m  i n  V i r g i n i a  n e s t i n g  
a r e a s • C om parison  o f  t h i s  d a t a  w i t h  t h e  e x c e l l e n t  s t u d i e s  
o f  B la n c h a r d  and B la n c h a r d  ( 1 9 3 1 )  v e r i f i e s  th e  i n t e r p r e t a t i o n  
o f  t h e  g r o u p  o f  f o u r  j u v e n i l e s  a s  y e a r l i n g s *  Y e a r - c l a s s e s  
a r e  n o t  e v i d e n t  i n  t h e  a d u l t  f e m a l e s ;  th e  a g e  o f  th e  r e c e n t l y  
em erged  l a r v a e  i s  from  a  few  h o u r s  to  one w eek , y e a r l i n g s  
a r e  from  10 t o  12 m onth s o ld #  and a d u l t s  a r e  2 2  or  more m onth s  
o ld *
B la n c h a r d  and B la n c h a r d  ( 1 9 3 1 )  r e p o r t  H em ld acty  11 am 
a t t a i n  f e c u n d i t y  i n  M ic h ig a n  d u r in g  t h e i r  t h i r d  y e a r  o f  l i f e ;  
i n  V i r g i n i a  f e m a le s  a t t a i n  m a t u r i t y  d u r in g  t h e i r  s e c o n d  y e a r  
o f  l i f e 9 and d e p o s i t  t h e i r  f i r s t  e g g s  a t  a n  a g e  o f  2 2  m onths*
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f i g u r e  4* . .Jnont-vent l e n g t i i s  o f  H eaiiviactyliuxa  
f r o a  n e s t i n g  s i t e s  i n  V i r g i n i a *
o  C .f
a e a t a t u a
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th'h; s t r a p s  of ^ggs  pmxdocjsd akd l a h *
BY H ^ IB A C W h ltH  iCUTATmc (SCHLhXS i l )
Ova c o u n t s  i n  38 g r a v i d  f e m a l e s  w ere p l o t t e d  
a g a i n s t  s n o u t - v e n t  l e n g t h s  In  F ig u r e  5* In  32  o f  t h e s e  
sp e c im e n s  a l l  l a r g e  o v a  w ere  i n  th e  o v a r i e s ?  i n  t h e  r e ­
m a in in g  26  f e m a l e s  from  one to  t e n  l a r g e  o v a  w ere  i n  th e  
o v i d u c t s  i n  a d d i t i o n  to  t h o s e  i n  t h e  o v a r i e s .  T h is  g ro u p  
in c lu d e d  s p e c im e n s  w h ic h  had d e p o s i t e d  a  p a r t  o f  t h e i r  
o v a |  s p e c im e n s  w i t h  o v i d u c a l  e g g s  w ere a c c o r d i n g l y  r e ­
g a r d e d  a s  u n s u i t a b l e  f o r  u se  i n  th e  d e t e r m i n a t i o n  o f  t h e  
s i z e  o f  l a r g e  o v a  c o m p le m e n ts .  A l i n e ,  b a s e d  on f e m a l e s  
w i t h  o v a r i a n  o v a  o n l y ,  was p l o t t e d  to  f i t  t h e s e  d a t a  by  
t h e  m eth od  o f  l e a s t  s q u a r e s ?  a g o o d  l i n e a l  c o r r e l a t i o n  
was e v i d e n t  b e tw e e n  s n o u t - v e n t  l e n g t h s  and numbers o f  
o v a  (F ig u r e  5}* B la n c h a r d  (1 9 3 6 )  p l o t t e d  t h e  l e n g t h s  o f  
217  s o u t h e r n  M ic h ig a n  f e m a le s  a g a i n s t  t h e i r  o v a  co m p lem en ts  
and fo u n d  a w id e  s c a t t e r ?  t h e  c o r r e l a t i o n  w as n o t  h i g h l y  
s i g n i f i c a n t .  H is  u se  o f  t o t a l  l e n g t h s  r a t h e r  th a n  s n o u t -  
v e n t  l e n g t h s  in t r o d u c e d  t h e  v a r i a b l e  t a i l  l e n g t h s  w h ic h  
may h a v e  c o n c e a l e d  t h e  c o r r e l a t i o n .
O th er  d i f f e r e n c e s  b e tw e e n  th e  M ic h ig a n  s e r i e s  and 
V i r g i n i a  s p e c im e n s  i n v o l v e  t h e  number o f  l a r g e  o va  i n  
g r a v i d  f e m a le s ?  V i r g i n i a  s p e c im e n s  h a v e  from 29 to  80 l a r g e  
o v a ,  b u t  s o u t h e r n  M ic h ig a n  sp e c im e n s  h a v e  o n ly  from  6 t o  
46 (B la n c h a r d ,  1 9 3 6 ) .  The m a g n itu d e  o f  t h i s  d i f f e r e n c e
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s u g g e s t s  t h a t  d i f f e r e n t  p h y s i o l o g i c a l  r a c e s  a r e  in v o I v e d  $
a q u e s t i o n  r a i s e d  by B la n c h a r d  ( 1 9 3 6 )  i n  r e g a r d  t o  th e
a p p a r e n t  d i f f e r e n c e s  b e tw e e n  M ic h ig a n  and Mew York f e m a le s *
B la n c h a r d  (1 9 3 6 )  s e l e c t e d  50 n e a t s  e a c h  a t t e n d e d  
by on© fe m a le  and c o n t a i n i n g  a com p lem ent o f  e g g s  n o t  i n  
e x c e s s  o f  t h e  p o t e n t i a l  p r o d u c t i o n  o f  on© s o u t h e r n  M ic h ig a n  
H e m ld a c ty 1 1 urn* He compared t h e  a v e r a g e  number o f  e g g s  i n  
t h e s e  n e s t s  w i t h  t h e  a v e r a g e  number o f  l a r g e  o v a  i n  g r a v i d  
f e m a l e s j  th e  v a l u e s  w ere  a p p r o x im a t e ly  t h e  same* T h is  was  
i n t e r p r e t e d  a s  m e a n in g  t h a t  n o r m a l ly  a l l  e g g s  a r e  l a i d  i n  
one  n e s t ,  and t h i s  n e s t  i s  a t t e n d e d  by th e  f e m a le  l a y i n g  
t h e s e  e g g s *  To t e s t  t h e s e  c o n c l u s i o n s  87 V i r g i n i a  n e s t s
w ere  s e l e c t e d  on t h e  same b a s i s ,  w i t h  t h e  number o f  e g g s  n o t
i n  e x c e s s  o f  t h e  maximum l a r g e  o v a  co m p lem en ts  o f  V i r g i n i a  
s p e c im e n s*  The s n o u t - v e n t  l e n g t h s  o f  a t t e n d i n g  f e m a l e s  a r e  
p l o t t e d  a g a i n s t  t h e  numbers o f  e g g s  i n  n e s t s  th e y  a t t e n d e d  
( F ig u r e  6 )*  The w id e  s c a t t e r  o f  t h e s e  d a t a  show s t h a t  t h e  
c o r r e l a t i o n  i s  n o t  s t r o n g *  > in c e ,  i n  F i g u r e s  8 and 6 ,  t h e  
s n o u t - v e n t  l e n g t h s  a r e  a  common f a c t o r ,  t h e  d i s s i m i l a r i t y  
i n  t h e  s l o p e  o f  th e  l i n o s  i n d i c a t e s  t h a t  t h e r e  i s  n o t  a  
c l o s e  r e l a t i o n s h i p  b e tw e e n  numbers o f  o v a  i n  f e m a l e s  and 
num bers o f  e g g s  i n  n e s t s • G i l b e r t  (1 9 4 1 )  a l s o  n o t e d  a  l a c k  
o f  c o r r e l a t i o n  b e tw e e n  numbers o f  e g g s  i n  n e s t s  i n  Mew Y o r k ,  
and l e n g t h s  o f  a t t e n d i n g  f e m a l e s ,  th o u g h  he  a t t r i b u t e d  t h i s  
t o  th e  s m a l l  s i z e  o f  t h e  sa m p le  h e  used*
The s c a t t e r  o f  t h e  d a t a  i n  F ig u r e  6 s u g g e s t s  t h a t
33
many p o i n t s  b e lo w  t h e  l i n e  r e p r e s e n t  e m a i l  c o m p o s i t e  n e s t s  
and t h a t  some p o i n t s  a b o v e  th e  l i n e  may r e p r e s e n t  p a r t i a l  
d e p o s i t i o n s  o r  l o s s  o f  e g g s *  The number o f  s m a l l  f e m a le s  
i n  F ig u r e  6 fo u n d  w i t h  l a r g e  numbers o f  e g g s  c a n  o n ly  be  
a c c o u n te d  f o r  b y  a ssu m in g  i n c l u s i o n  o f  c o m p o s i t e  n e s t s *
T hese  c o m p o s i t e  n e s t s  a r e  s o  s m a l l  t h a t  i t  seem s p o s s i b l e  
t h e y  c o n t a i n  l e s s  th a n  th e  f u l l  egg  co m p lem en ts  o f  two  
f e m a l e s ,  s u g g e s t i n g  t h a t  one f e m a le  i s  i n t e r r u p t e d  i n  th e  
p r o c e s s  o f  e g g - l a y i n g  by th e  i n t r u s i o n  o f  a s e c o n d  s p e c im e n ,  
and s h e  d e p a r t s  from  th e  n e s t  h a v in g  d e p o s i t e d  o n ly  a p a r t  
o f  h e r  c o m p lem e n t• The se c o n d  f e m a le  th e n  ad d s h e r  e g g  
co m p lem en t, r e s u l t i n g  i n  a n e s t  c o n t a i n i n g  a l a r g e r  number 
o f  e g g s  th an  w o u ld  be e x p e c t e d  from  t h e  a t t e n d i n g  fe m a le #
The b e h a v i o r  d y n a m ic s  o f  H e m ld a e ty l ia m  i n  n e s t i n g  
s i t e s  a r e  l i t t l e  u n d e r s t o o d ,  b u t  d e s e r t i o n s  o f  f e m a le s  from  
c o m p o s i t e  n e s t s  h a v e  b e e n  m e n t io n e d  e a r l i e r *  E v id e n c e  t h a t  
s u g g e s t s  f e m a l e s  may n o r m a l ly  d e p o s i t  l e s s  th a n  t h e i r  f u l l  
com plem ent o f  l a r g e  ova  a r e  th e  12 n e s t s  (8 * 5  p e r  c e n t  o f  
a l l  ex a m in ed ) c o n t a i n i n g  f e w e r  e g g s  th a n  th e  minimum number 
n o te d  i n  a  g r a v i d  V i r g i n i a  sp ec im en *
U n d o u b te d ly  some e g g s  a r e  l o s t  d u r in g  c o l l e c t i n g ?  
l o s s e s  p r i o r  t o  c o l l e c t i n g  a r e  i n d e t e r m i n a t e • w hether  f e ­
m a le s  s u c c e s s f u l l y  v o i d  t h e i r  o v a r i e s  o f  a l l  l a r g e  ova d u r ­
i n g  e g g - l a y i n g  i s  o f  im p o r ta n c e  i n  i n t e r p r e t i n g  th e  p o i n t s  
ab o ve  th e  l i n e  i n  F ig u r e  6# B la n c h a r d  (1 9 3 6 )  s t a t e s  t h a t
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a l l  l a r g e  ova a r e  n o r m a l ly  d e p o s i t e d  by M ic h ig a n  s p e c im e n s ,  
th o u g h  he c i t e s  one e x c e p t i o n *  All l a r g e  o va  a r e  n o t  norm­
a l l y  d e p o s i t e d  by V i r g i n i a  Hemida c t v 11 i n  I i n  1S6 d i s s e c t ­
i o n s  o f  fem ale©  w i t h  “s p e n t 1* o v a r i e s  i t  was n o t e d  t h a t  more  
h a l f  t h e  s p e c im e n s  c o n t a i n e d  r e s o r b e d  or  p a r t i a l l y  r e s o r b e d  
l a r g e  ova* T h ese  a p p e a r e d  a s  a g g r e g a t i o n s  o f  m e la n in ,  o c c a s ­
i o n a l l y  a c co m p a n ied  b y  y o l k ,  s c a t t e r e d  th r o u g h  t h e  o v a r i e s #  
R e t a in e d  r e s o r b e d  ova  d i d  n o t  number more th a n  t e n  i n  any 
s p e c im e n  exam in ed #  I t  i s  i n t e r e s t i n g  t h a t  i n  0r y o to b r a n c h u s  
a l l e g g a n l e n a l s  (B a u d in )  t h e  f a i l u r e  t o  c o m p le te  o v a  d e p o s i t i o n  
h a s  b e e n  a t t r i b u t e d  t o  th e  i n e f f i c i e n c y  o f  th e  m echan ism  
f o r  t r a n s f e r  o f  t h e  o v a  i n t o  th e  f u n n e l s  o f  th e  o v i d u c t s  
( S m i t h ,  1 9 1 6 ) ,
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F ig u r e  5* The s n o u t - r e n t  l e n g t h s  o f  58  g r a r i d  f e m a le  
H e m ld a c ty 1 1 um sc u ta tu m  ( S e h l e g e l )  p l o t t e d  a g a i n s t  
t h e i r  l a r g e  o r a  co m p lem en ts}  d o t s  d e n o t e  f e m a l e s  (3 2 )  
i n  w h ic h  l a r g e  o r a  w ere  a l l  i n  t h e  o r a r i e s f and c i r ­
c l e s  r e p r e s e n t  f e m a l e s  ( 2 3 )  i n  w h ic h  one or more o ra  
h a r e  e n t e r e d  t h e  o r i d u c t s • The l i n e *  baaed  on f e m a l e s  
h a r in g  o r a r i a n  ora  o n ly *  w as d e t e r m in e d  by t h e  m ethod  
o f  l e a s t  sq u a r e s *
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H em ld acty  H um  a c u t a  turn (3  eh l e g e 1) i s  a common s a l ­
amander on t h e  V i r g i n i a  c o a s t a l  p l a i n *
M eats a r e  u s u a l l y  s i t u a t e d  w i t h i n  a  fe w  i n c h e s  o f  
s t i l l  o r  s l o w l y  m oving  w a t e r  i n  c r e v i c e s  i n  hum­
m ocks o f  m o s s e s ,  h e p a t i e s ,  and s e d g e s *
K e a t s  a r e  fo u n d  i n  d e c id u o u s  and c o n i f e r o u s  woodaj  
c y p r e s s ,  l o b l o l l y  p i n e ,  h o l l y ,  sy c a m o re , b e e c h ,  w h i t e  
oak and c h e s t n u t  oak h a v e  b e e n  n o te d  i n  n e s t i n g  a r e a s *
Hggs a r e  fo u n d  i n  m o s s e s  o f  t h e s e  s e v e r a l  g e n e r a *
Atari oh u a« AuXacomntumu O l r r i o h y l l u a u  C lim ao iu m , H n to -  
d o n . iSurhynohi ubu Hyomim* .h e n to d lc ty u m # Leucobryum * 
dniurn. P l a g l o t h e c l u m * Sphagnum* and T h u id iu m * Xf a  
m o ss  c o n t a i n s  n a t u r a l  c r e v i c e s  i n  w h ic h  e g g s  c a n  be  
d e p o s i t e d ,  i t s  s u i t a b i l i t y  a s  a n e s t i n g  s i t e  a p p e a r s  
t o  be  d e t e r m in e d  by i t s  p r o x i m i t y  to  w a te r  i n  a  n e s t ­
i n g  a r e a *
M eats a r e  f r e q u e n t l y  fo u n d  i n  hummoeks com posed o f  
s e v e r a l  m o s s e s ,  s p e c i e s  o f  s e d g e s  (gen u a  G a r e x )« and 
o c c a s i o n a l l y  h e p a t i c a  o f  th e  f o l l o w i n g  g e n e r a ;  doaho-  
c o l e s u  H a l l a v i c i n t a * > c a u a n ia . and " e l e r a n e a *
A few  n e a t s  w ere  fo u n d  In  mounds o f  p in e  n e e d l e s .  I n s i d e  
o f  r o t t e d  l o g s  and b o a r d s ,  under  l o o s e  b ark  on l o g s ,  and  
i n  h o l l o w  c y p r e s s  k n e e s *
In  1951  Hemi d a c t y 1 iurn e g g - l a y i n g  i n  h a b i t a t s  on th e  V i r ­
g i n i a  c o a s t a l  p l a i n  s t a r t e d  s i x  t o  s e v e n  w e ek s  e a r l i e r  
th a n  i t  d o e s  i n  Hew Y ork and s o u t h e r n  M ic h ig a n ; th e  f i r s t  
g r o u p s  o f  r e c e n t l y  d e p o s i t e d  e g g s  w ere  fo u n d  F eb ru a ry  2 4 th *
& g g - la y in g  by M ic h ig a n  Hemi d a c t y 1 1 um i s  consum m ated i n  a  
two w eek p e r i o d s  i n  1 951  o n ly  two p e r  c e n t  o f  th e  f e m a le s  
c o l l e c t e d  a f t e r  March 10 w ere  g r a v i d ,  t h u s  m o st  e g g - l a y i n g  
t o o k  p l a c e  b e tw e en  F eb ru a ry  2 4 t h  and March l o t h *
O f f - s e a s o n  e g g - l a y i n g  w as n o te d  f o r  t h e  f i r s t  t im e s  on  
March 4 ,  1951  a  n e s t  o f  h a t c h i n g  e g g s  w ere  c o l l e c t e d  n e a r  
D e n b ig h , Warwick County*
Ho V i r g i n i a  n e s t s  a p p e a r e d  t o  h a v e  b e e n  form ed by t u r n in g  
m ovem ents o f  th e  f e m a l e s j  th e y  p r o b a b ly  r e s u l t  from  t h e  
e x p l o i t a t i o n  o f  n a t u r a l  c r e v i c e s *
i n  M ic h ig a n  e g g s  a r e  fo u n d  a t t a c h e d  t o  th e  r h i z o i d s  o f  
m oss  and r o o t s  o f  g r a s s  $ V i r g i n i a  n e s t s  o b s e r v e r  in  1950  
and 1981  w ere  u s u a l l y  p l a c e d  ab o ve  th e  r o o t s ,  among t h e  
l e a v e s  and s h o o t s  i n  m o s s - h e p a t i c - s e d g e  hummocks, b u t  i n  
* t h in *  m oss  h a b i t a t s  e g g s  w ere su sp en d e d  from  r h i z o i d s •
12*
1 3 .
14 •
1 5 .
16*
1 7 .
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C o m p o s ite  n e a t s  o f  5 2 8 ,  4 3 8 ,  and 284  e g g s  h a r e  b e e n  found  
i n  c o n f i n i n g  c r e v i c e s  i n  mounds o f  p in e  n e e d l e s  and b e ­
n e a t h  b ark *
The p la c e m e n t  ©f e g g s  i n  n e s t s  s u g g e s t s  t h a t  f e m a l e s  d e ­
p o s i t  t h e i r  e g g s  i n  an “u p s id e  down** p o s i t i o n  i n  m o s t  
h a b i t a t s )  i n  v e r t i c a l l y  o r i e n t e d  n e s t s  t h e y  may d e p o s i t  
e g g s  w h i l e  “s t a n d i n g  on t h e i r  heads**, and i n  two c a s e s  
e g g s  on  t o p  o f  hummocks w ere  fo u n d ,  s t r o n g  e v i d e n c e  t h a t  
on some o c c a s i o n s  f e m a l e s  may d e p o s i t  e g g s  w h i l e  i n  th e  
“v e n t r a l  s u r f a c e  to w ard  g r o u n d * p o s i t i o n *
3 one n e s t s  w e re  l o c a t e d  a lo n g  b a n k s  o f  p o n d s;  many w e re  
l o c a t e d  on i s l e t s  i n  p o o l a ,w h i c h  c o u ld  h a v e  b e e n  r e a c h e d  
b y  swimming f e m a le s *
The i n c u b a t i o n  p e r io d  o f  on e  n e s t  n e a r  F iv e  F o r k s ,  James 
C it y  C o u n ty ,  w as  n o te d  t o  be  6 1  d a y s*
S g g  m o r t a l i t i e s  a r e  p r o b a b ly  n o t  t h e  d i r e c t  r e s u l t  o f  e x ­
c e s s i v e  m o i s t u r e )  s e v e r a l  e g g  g r o u p s  h a v e  s u c c e s s f u l l y  
p a s s e d  th r o u g h  t h e i r  i n c u b a t i o n  p e r io d  w h i le  subm erged*
A few  m ea su r em e n ts  o f  t e m p e r a tu r e  i n d i c a t e  t h e  p o s s i b i l i t y  
o f  d i f f e r e n t  r a t e s  o f  i n c u b a t i o n  i n  Sphagnum and fhu ldturn  
h a b i t a t s *
18* The number o f  e g g s  i n  th e  144 n e s t s  s tu d  l e d  i n  t h i s  r e p o r t
20.
21.
2 2 .
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r a n g e d  froia 868  t o  a s  few  a s  s i x ;  t h i s  r a n g e  i n  num bers  
o f  e g g s  a p p r o x im a te s  c o n d i t i o n s  r e p o r t e d  f o r  s o u t h e r n  
M ic h ig a n ,  and i s  a t  v a r i a n c e  w i t h  t h e  t e n d e n c y  tow ard  
s m a l l  egg  g r o u p s  i n d i c a t e d  by r e p o r t s  from  P e n n s y l v a n ia
and Hew Y o rk .
M u l t  H em ld acty  Hum a t t e n d i n g  n e s t s  o r  i n  n e s t i n g  s i t e s  
i n  V i r g i n i a  w ere  fo u n d  th r o u g h  d i s s e c t i o n s  t o  be f e m a le  
i n  2 4 3  c a s e s *  xaale i n  one*
K x h a u a t io n  may b e  a  f a c t o r  i n  t h e  b e h a v i o r  o f  f e m a l e s  
a f t e r  e g g - l a y i n g ;  th e  h u n g e r  d r i v e  may be th e  s t i m u l a t i o n  
t h a t  c a u s e s  some f e m a l e s  to  l e a v e  th e  n e s t s  t h e y  h a v e  
b e e n  a t t e n d i n g  p r i o r  t o  t h e  t im e  o f  h a t c h in g *
'Females a r e  u s u a l l y  b e n e a t h  e g g  g r o u p s  i n  n e s t s ,  n o t  on  
to p  o f  them o r  c o i l e d  a b o u t  t h e  e g g s ,  aa  r e p o r t e d  i n  Hew 
Y o r k .
In  Hew York and s o u t h e r n  'M ichigan Hemi dac  t y  11 am f e m a l e s  
a r e  r e p o r t e d  t o  a t t e n d  t h e i r  n e a t s  u n t i l  t h e  t im e  o f  
h a t c h i n g  u n l e s s  t h e  n e s t s  a r e  c o m p o s i t e s ;  i n  V i r g i n i a  
f e m a l e s  rem a in  w i t h  s m a l l  n e s t s  l o n g e r  th a n  t h e y  do w i t h  
l a r g e  c o m p o s i t e s ,  b u t  l e s s  th a n  f i v e  w e ek s  a f t e r  e g g - l a y i n g  
24 p e r  c e n t  o f  t h e  n e s t s  exam ined  had b e e n  d e s e r t e d  — -  
a t  t h i s  t im e  t h r e e  o f  e v e r y  f i v e  f e m a le s  had d e p a r t e d  from  
t h e  n e s t i n g  s i t e s .  Few f e m a l e s  a r e  fou n d  w i t h  e g g s  tow ard  
t h e  end o f  t h e  I n c u b a t i o n  p e r io d *
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23* S i z e  g r o u p s  o f  r e c e n t l y  em erged l a r v a e ,  j u v e n i l e s ,  and 
a d u l t  f e m a l e s  a r e  w e l l - s e p a r a t e d ;  t h e  a g e  o f  t h e  l a r v a e  
r a n g e s  from  a  fe w  h o u r s  t o  one w e e k ,  j u v e n i l e s  a r e  r e ­
g a r d e d  a s  ’’y e a r l i n g s *  o f  from  t e n  t o  12 m onths o f  a g e ,  
and a d u l t s  i n c l u d e  a l l  f e m a l e s  o f  22 m on th s o r  o l d e r *
2 4 •  T here  i s  a  good l i n e a l  c o r r e l a t i o n  b e tw e e n  t h e  s n o u t -
v e n t  l e n g t h s  o f  3 2  V i r g i n i a  g r a v i d  H e m id a c tv l lu m  and t h e  
num bers o f  t h e i r  l a r g e  o v a ;  p r i o r  t o  e g g - l a y i n g  t h e s e  
f e m a l e s  had from  2 9  t o  SO l a r g e  ova i n  t h e i r  o v a r i e s *
25* T h ere  i s  no s t r o n g  c o r r e l a t i o n  b e tw e e n  numbers o f  e g g s
i n  n e s t s  and th e  s n o u t - v e n t  l e n g t h s  o f  a t t e n d i n g  f e m a le s *
26* F e m a le s  may n o t  v o i d  a l l  o f  t h e i r  l a r g e  o va  d u r in g  e g g -  
l a y i n g ;  m ore th a n  h a l f  o f  186 fem ales d i s s e c t e d  a f t e r  
e g g - l a y i n g  w ere  fo u n d  t o  c o n t a i n  from  one to  t e n  l a r g e  
ova w h ic h  w ere  b e i n g  r e s o r b e d  i n  t h e i r  o v a r ie s *
2?* Of th e  number o f  e g g s  n o r m a l ly  l a i d ,  a l l  may be p la c e d
i n  one n e s t ,  b u t  t h e  f a c t  t h a t  8 * 5  p e r  c e n t  o f  t h e  n e s t s  
c o n t a i n e d  l e s s  th a n  t h e  minimum nisaber o f  ova i n  a g r a v id  
f e m a le  s u g g e s t s  t h a t  some f e m a l e s  may spawn p a r t  o f  t h e i r  
com p lem ent i n  e a c h  o f  two or more n e s t s *
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LXKEATiIRIS 31T&)
BISHOP, 3* 0*
1920 Ho t e a  on t b s  h a b i t s  and d e v e lo p m e n t  o f  t h e
I^ our-toed  S a la m a n d e r , H em id acty  11 um a cu ta tm a  
( S c h l e g e l ) • M* Y • S t a t e  Mas# B u i . ,  2 1 9 -2 2 0 *  
2 5 1 -8 2 *
1 9 4 1  The s a la m a n d e r s  o f  Mew York • t a t e
- a s • B u i  *, 3 2 4 s  1 - 3 6 5 •
BLAMCHAKD, F* M.
1 9 2 2  B i a c o v e r y  o f  th e  e g g s  o f  t h e  F o u r - t o e d  Sa lam ­
a n d e r  i n  M ic h ig a n #  Qcc* P a p * ,  ? l u s » B o o l .  M niv. 
M ic h . ,  126* 1 - 3 .
1923  The l i f e  h i s t o r y  o f  t h e  F o u r - t o e d  S a la m a n d e r .
Aeie r  • ITa t « , 5? i 2 6 2 -  68 *
1 9 2 8  A m phibians and r e p t i l e s  o f  th e  B o u g la s  i^ake
r e g i o n  i n  n o r t h e r n  M ic h ig a n *  O o p e ia ,  1 6 7 i 4 2 - 5 1 .
1934  The s p r i n g  m i g r a t i o n  o f  t h e  F o u r - t o e d  Sa lam ­
a n d e r ,  H e m id a c ty l iu m  acutaturn ( S c h l e g e l )  •
G o p e ia  ( l ) i  5 0 .
1 9 3 4 a  The d a t e  o f  e g g - l a y i n g  o f  t h e  F o u r - to e d ^ S a la m ­
a n d e r ,  Jlmai.dao t y  11 urn s c u t a  turn ( s c h l e g e l }  i n  
S o u th e r n  M ic h ig a n *  Pap* Mich* A ca d . S c i * , A r t s  
and B e t t e r s ,  19* 5 7 1 - 7 5 .
1934b The r e l a t i o n  o f  t h e  female F o u r - t o e d  S a lam ­
an d er  to  h e r  n e s t *  O o p e ia  ( 3 ) ;  1 3 7 -8 *
1936 The number o f  e g g s  p r o d u ce d  and l a i d  by  t h e  
F o u r - t o e d  S a la m a n d e r ,  Hemi d ac  t v  Hum s c u ta tm a  
( S c h l e g e l ) ,  i n  S o u th e r n  M ic h ig a n *  Pap* M ich*  
A cad, S o l * ,  A r ts  a m  B e t t e r s ,  21s  5 6 7 -7 3 *
BLAHCHAHB, F* IT* AMP BLAMCHAHB, F .  0*
1931  S i z e  g r o u p s  and t h e i r  c h a r a c t e r i s t i c s  i n  th e
sa la m a n d er  Hem i  d a c  t y 1 iurn s c u t a t  um ( S c h l e g e l ) .  
.Amer• H a t* ,  65V ''i49-'fe4
44
DOTH, 3* E *
1926  The s a la m a n d e r 3 o f  t h e  f a m i l y  P l e t h o d o n t l d n e . • 
S m ith  C o l l e g e  5 0 t h  A n n iv e r s a r y  J?ub*f M orth -  
am p ton i M ass* p# 1 -4 4 1 #
TFCffiUS&t J .  A#
1950  P e r s o n a l  l e t t e r ,  March 2 5 th *
CJIX&fSKT, P* W*
194 1  Biggs and n e s t s  o f  H eatidaoty  l iu m  so u  t a t  urn i n
t h e  I t h a c a  r e g i o n *  0 op e i a  (1 '  * 47*
SRiSfiH, M* B .
1941  The P o u r - t o e d  S a lam an d er  i n  K en tu ck y  # 
O o p e ia  (1 ) 8  53*
h o b h s s , j m a b b
1886  B u i#  B r o o k v i l l e  :oc#  B a t .  H i s t * ,  2 i  40*
x i m $ HIIH,XS
1944  A d d i t io n s  t o  t h e  l i s t  o f  a m p h ib ia n s  and r e p ­
t i l e s  o f  G r e a t  Smoky M o u n ta in s  N a t i o n a l  H ark .  
G o p e ia  ( 4 ) s 255#
MOB 1*3, 0 *  K«
1930 P r o b in g  l i f e ’ s  m y s t e r i e s *  Hat* H i s t #  H ag#, 
A a e r • Mas * H at * Hi s t • ,  30 { 5 ) s 4 6 9 - 8 2 •
PA^LXHO, H* 0*
1939  The a m p h ib ia n s  and r e p t i l e s  o f  U h ion  C o u n ty ,  
P e n n s y lv a n ia #  H e r p e t o l o g i e a  1 ( 6 )s 1 6 5 -6 9 *
'Ji€X flX ,  B * Q •
1916  The p r o c e s s  o f  o v u l a t i o n  i n  A m phibia*  Ann*Hep* 
M ic h .  Acad* > e i • 182 104*
XPmwA?TGZ» 2 mi. m u  
of 4pp om attox*
3 1 g i r r i o a y l l u m  b o a c i i  (d o n * )  G ro a t  
Th u l  d l  uS* ' d e l i  e  a t  a lum (H edw .) M it t*
CHARMS CXTTt 4 mi. 2
s m  of H o ld c r o f t *
( f i g • 2 ,  ~uOG * 7}
& mi. u. 5
o f  P h e n ix *
JfiI£2AB3TH OlTtt 3 u a s «  2
a r  d a Ro© 3 1 a r e  a *
( F ig *  2 ,  I*oo* 1 7 )
M i x z m m i  azTfs vox9© 2
S t o r e  a r ea *
( f i g .  2 ,  L oo . 18)
FAIRFAX* B e tw ee n  Mew 1
Alexandria and Dyke*
QLovomrmi 2 m i# m  3
o f  G l o u c e s t e r  0 .  H*
( f i g *  2* .Goo* 5)
JAUN3 orrti i  m i* 1 .  79
o f  F iv e  F o r k s .
{'Fig* 2 ,  Loe* 13)
Oliataciuat £indba,rj:?ii (d* & c*)Grout 
Hypnum o a t i e n t i m e  Bin& b*, 
v a r  # detai aausai 3 chim p  
Mntum e m o l  datum Hedw*
igjatodon a e d u to t r lx  (Hedw«)C* Mu e l l *  
Burhynohium s e r  r  u l a  turn (He dw *) K1 n&b *
Gniam o u op lda tum  Hedw*
a m l d l m  M iL d j* .ta l ,m  (Hedw*} M it t *
U n i d e n t i f i e d  *
BaritynQhium a e r r u l a t a m (Hedw *)K in d b •
S p h y n a m  ( r e p o r t e d  i n  l e t t e r  from
4 * 4* f o w l e r ,  ‘March 2 5 ,  1 9 5 0 )
nm idiiTQ  d a l i c a t u l u m  (Hedw*) M it t *
At r i  oh am c r i a p  am (J a m es)  B a l l*
Clim a©lam  amerioaxiam B r id #
C lim acla m  k l n d b e r g l l (?. • &0 • )  G ro a t  
. ' P a l l a v io l n i a  ly  e l i l i  (.Book*) i .F * £ r a y  
3ca~pania nem oroaa  ( g * ) Bam*
3 aha&nua i m b r l c a t a a  U ornaoh  
s x t o m m i  r**,
T e le r a n e a  nem at ode a { A u s t* }  Howe 
T huidium  d e l i o a t u l u m  (Hedw*) M it t *
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TA8LS 1 ( COMTVD>)
IIQ 3 3 G 3  AMD H & P A T IC a  3URH O UH DI3SS BLSMX1) A Q T f L I  1M H B S »
' o t m t y  a n d  L o c a l i t y  H o *  o f  S p e o i e a  o f  m o a a e o  a n d  h e p a t i c  a
z m m  C I T Y s  2 / 4  m i *  
o f  J o l l y  P o n d *  
( F i g .  2 f  L o g .  9 }
M e a t s
yg laoom n i um o a l u a t r e  ( y/.&  M.}  Schw • 
Leucobryum  pjaaoum  ( Hedw* ) 3 o h im p •
J . W i S  C I T Y i  8  a l .  I B  
o f  J o l l y  P o n d *  
( F i g .  2 ,  L o g *  8 )
8 Snha&num*
( o t h e r  m o s a e a  a n d  h e p a t i c a  
u n i d e n t i f i e d * )
J m m  G I T Y t  4  m i .  K W  
o f  f i l l i a m a h u r g *  
( F i g *  2 V  L o c •  1 1 }
J L A U 0 A 3 T S H *  1 / 4  m i .  H .  
o f  G r a y *8  P o i n t *  
( F i g *  2 §  D o c *  3 }
U n i d e n t i f i e d *
A H C A 3 T L R *  L i v e l y *
( P i g *  2 ,  L o o *  2 )
S n i d e n t i f i e d *
l l A T m W S i  i  m i .  a s  o f  
Mathews *
( F i g *  2 ,  . L o o *  6 )
l y o n u m  o a t i e n t i a e  L i n d f e . ,  
v a r .  d e m i a s u m  3  c h i m p *  
g l a f t l o t f a e o l U B i  m i  c a n s  ( 3 w . )  P a r  i a  9
? a r *  f u l v u m  T S o o k •  a n d  W i l a  * }
i i i m u m z x t  s  m i *  s .  o f  
S a l u d a *
( F i g *  2 $ L o c .  4 )
5 U n i d e n t i f i e d *
R I G H S M F O l f X ) s  4  m i *  \73ffi  o f  
V a r a a w .
( F i g *  2 t  L o c  1 }
T A R W I O K t  £  m i .  13*  o f  
H a r p e r a v i l l e *
( F i g *  2 ,  L o c .  1 6 )
D n i d e n t i f l e d  *
A tr ich u m  cr ia p u m  (J a m es)  S o i l *  
(f i im acilS a  am erlcanum  B r id  *
Sphagnum t r a b r ic a tu m  H ornach* ,
f a r ♦ a f f  i n e  ( R ♦& C . ) l a r n e t .  
th u id iu m  d e l i c a t n l u m  ( H e d w . )  M i t t *
4?
MQiaU3 AI-D H.-3PATXC3 
County and L o c a l i t y
Wa r w ic k * i f  i i .  h * o f
D e n b ig h  *
(P ig *  2 ,  Loo* 1 5 )
YOHKs 2 m l*  m  o f  
L t g h t f o o t  *
{ F ig #  2» I»oe* 1C)
YOHiis |  m i ,  £ •  o f  
W ill ia m s b u r g *  
( F i g .  2$ Loo# 1 2 )
'..ABL5 X. lamr'D.)
x m x w x m x m  n ; i I d a o t y l i  *3 &  b h s s t s
Ho ♦ ojT s p e c ie  & o f  a o a a e s  and h e p a t i c a  
IT e a t  a
§2 OlimaoliHii am er lcan ast  B r id *
C lim acium  k l n d b e r g i l (H» & O * )0 r o u t  
Cntodon Bed i i c t r i x  (Hedw. )  c* Mae 11# 
H u r h y n c h ium a e r r u la tu m  (Hedw*) K ind*  
Hy'pnum o a r r i  f o i l  am Hedw*
Hyunua p a t l e n t l a e  U n dfc .
^ e p to d lc ty m a  r ip a r iu m  (H e d w .)G a r n e t  
L e p t o d i o t y a a  tr lc h o p o d tu a *  (3 o h u * )¥ *  
Leuoobryam g.laaeam  ( H e £ T ) 3 chim p  
L onfoocolea  b i d e n t a t a  {L • )  Bum * 
L o p h o c o le a  c u a p i d a t a  ( i l e e a * ) Limpr • 
L o p h o o o lea  h e t e r o o h y l l a  ( 3 c h r . )  Bum# 
Mnium cu a p ld a tu m  Hedw.
P a l l a v l c l n i a  l y e l l i 1 (H o o k * )3 *F .B ray  
F la g ! o t h e c iu r n  m le a n s  ( S w . )  P a r i s
jjj&jm m  ssLlAaiM  -  ,
T h a id lo a  d e l i c a t u l u m  (Hedw*) M it t *  
T h a idim  a l e r o o h y 1 1 urn (Hedw*) B e s t
3 Olimaoiusa am erlcanum  B r id *  
Untuat c a g p r ^ a io m  Hedw *
1 U n i d e n t i f i e d #
YORK t York town a r e a *  
( F i g .  2 ,  L o c • 14)
10 T h a ld lu a  d e l i o a t a l i g a  (Hedw* 5 M i t t *
